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(54) Novel polymers and photoresist compositions 

(57) The present invention provides novel polymers 
and photoresist compositions that contain such poly- 
mers as a resin binder component The polymers of the 
invention include repeating units that contain an acetal- 
ester or ketalester moiety. Preferred pliotoresists of the 
invention are chemically-amplified positive-acting com- 
positions that contain a polymer with acetalester or ket- 
alester unit as a resin binder component and that can 
react to provide solubility differences in the presence of 
photo-generated acid. 
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'^Description 
BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to new polymers and use of such polymers as a resin binder component for photore- 
sist compositions, particularly chemically-amplified positive-acting resists. 

10 2. Background 

Photoresists are photosensitive films used for transfer of images to a substrate. A coating layer of a photoresist is 
formed on a substrate and the photoresist layer is then exposed through a photomask to a source of activating radiation. 
The photomask has areas that are opaque to activating radiation and other areas that are transparent to activating radi- 
os ation. Exposure to activating radiation provides a photoinduced chemical transformation of the photoresist coating to 
thereby transfer the pattern of \he photomask to the photoresist coated substrate. Following exposure, the photoresist 
is developed to provide a relief image that pennits selective processing of a substrate. 

A photoresist can be either positive-acting or negative-acting. For most negative-acting photoresists, those coating 
layer portions that are exposed to activating radiation polymerize or crosslink in a reaction between a photoactive com- 
20 pound and polymerizable reagents of the photoresist composition. Consequentiy, the exposed coating portions are ren- 
dered less soluble in a developer solution than unexposed portions. For a positive-acting photoresist exposed portions 
are rendered more soluble in a developer solution while areas not exposed remain comparatively less developer solu- 
ble. 

In general, photoresist compositions comprise at least a resin binder component and a photoactive agent. Photore- 
25 slst compositions are described in Deforest, Photoresist Materials and Processes. McGraw Hill Book Company. New 
York. ch. 2. 1975 and by Moreau, Semiconductor Lithography, Principles, Practices and Materials, Plenum Press, New 
York. ch. 2 and 4, both incorporated herein by reference for their teacWng of photoresist compositions and metiiods of 
making and using the same. 

While currentiy available photoresists are suitable for many applications, current resists also can exhibit significant 
30 shortcomings, particularly in high performance applications such as formation of highly resolved sub-micron and sub- 
half micron features. 

More recentiy. "chemically-amplified" resists have become of increased interest, especially for fomiation of sub- 
micron images and other high performance applications. Such photoresists may be negative-acting or positive-acting 
and generally include many crosslinWng events (in ttie case of a negative-acting resist) or deproteclion reactions (in the 

35 case of a positive-acting resist) per unit of photogenerated acid. In tine case of positive chemically resists, certain cati- 
onic photoinitiators have been used to induce cleavage of certain "blocking" groups pendant from a photoresist binder, 
or cleavage of certain groups that comprise a photoresist binder backbone. See. for example. U.S. Patents Nos. 
5,075.199; 4.968.581; 4.883,740; 4.810.613; and 4.491.628, and Canadian Patent Application 2.001.384. Upon cleav- 
age of the blocking group through exposure of a coating layer of such a resist, a polar functional group is provided, e.g. . 

40 carboxyl or imide. which results in different solubility characteristics In exposed and unexposed areas of the resist coat- 
ing layer. 

Also recently interest has increased in photoresists that can be photoimaged with deep U.V. radiation. Such pho- 
toresists offer the potential of forming images of smaller features ttian may be possible at longer wavelength exposures. 
As is recognized by those in the art, "deep U.V. radiation" refers to exposure radiation having a wavelength in the range 
45 of about 350 nm or less, more typically in the range of about 300 nm or less. While a number of deep U.V. resists have 
been reported, the need clearly exists for new deep U.V. resists that can provide highly resolved fine line images. 

SUMMARY OF THE INVENTION 

50 The present invention provides novel polymers and photoresist compositions that comprise a photoactive conpo- 
nent and such polymers as a resin binder component. Preferred photoresists of the invention are chemically-amplified 
positive resists that are imaged with deep UV wavelengths, including sub-250 nm and sub-200 nm wavelengths such 
as 248 nm and 193 nm. 

Prefen-ed polymers of the Invention comprise phenolic units and at least one acetalester or ketalester repeating unit 
55 that Is capable of undergoing a deprotection reaction in tiie presence of photogenerated acid. As is understood by those 
skilled in the art. the terms "acetalester" and "ketalester refer to moieties having an acetal-type or ketal-type linkage as 
part of the ester moiety. For example, suitable acetalester and ketalester groups of polymers of the invention have the 
formula -C(=0)-0-CXY-0-R where X and Y are independentiy hydrogen or non-hydrogen substituents and R Is any of 
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-V a wide variety of substituents such as substituted or unsubstltuted alkyl, aryl, etc. Preferably, a polymer contains acetal- 
ester and/or ketalester units that are directly pendant to the polymer backbone without a phenyl or other such aryl unit 
is not interposed between the polymer backbone and the acetalester/ketalester unit such as generally depicted in For- 

' mula 1 below where the acetalester/ketalester units are directly pendant from a polymer bridge group. That is. as used 
5 herein references to acetalester and/or ketalester units that are directly pendant indicate that a phenyl or other carbo- 
cychc aryl unit is not interposed between the polymer t>acktx>ne and the acetalester/ketalester unit. Even more prefer- 
ably, a polymer contains acetalester and/or ketalester units that are directly pendant to the polymer backbone and. in 
addition to cart)ocyclic aryl units, no alkylene (particularly extended alkylene such as having three or more carbons) or 
other groups are interposed between the acetalester/ketalester unit and the polymer, again as generally depicted in 
70 Formula I below. 

Particularly preferred are phenol-acetalester and phenol-ketalester copolymers that contain a high carbon content 
moiety, e.g. moieties that have about > 75 % mass being cartx)n, more preferably at least about 80 to 85 % carbon. 
Especially preferred are copolymers that comprise 1) acetalester and/or ketalester units, 2) phenolic units, and 3} one 
or more of other units, preferably high carbon content units. Such polymers are highly useful in positive chemlcally- 

75 amplified photoresists and can exhibit decreased post-exposure shrinkage and enhanced resistance to aggressive 
etchants such as chlorine or fluorine-based etchants. 

Also preferred for use in photoresist exposed at extremely short wavelengths (such as less than 200 nm) are poly- 
mers that contain alicyclic units rather than aromatic (such as phenyl) or other conjugated groups that would absorb the 
exposure radiation and thereby decrease photospeed and oUierwise compromise lithographic properties. Preferred ali- 

20 cyclic units have from 5 to atx>ut 20 carbon atoms and include e.g. substituted and unsubstltuted adamantyl, norbornyl 
and isobornyl. 

The invention also provides methods for forming relief images, including methods for forming a highly resolved 
relief image such as a pattern of lines where each line has essentially vertical sidewalls and a line width of about 0.40 
microns or less, or even about 0.25 microns or less. The invention further provides articles of manufacture comprising 
25 substrates such as a microelectronic wafer or a liquid crystal display or other flat panel display substrate having coated 
thereon the photoresists and relief images of the invention. Other aspects of the invention are disclosed Infra. 

DETAILED DES CR IPTIO N QF THE INVENTION 

30 The polymers of the invention In general comprise at least one acetalester or ketalester repeating unit. Particularfy 
preferred acetalester and ketalester units are of the following Formula 1: 



35 



40 



45 




SO 

wherein U and V each independently may be hydrogen; halogen; substituted or unsubstltuted alkyl, preferably hav- 
ing from 1 to about 20 carbons, more preferably having from 1 to about 8 carbons; substituted or unsubstituted alke- 
nyl, preferably having from 2 to about 20 cartx>ns. more preferably having from 2 to about 8 carbons; substituted or 
55 unsubstituted alkynyl. preferably having from 2 to abovX 20 carbons, more preferably having from 2 to about 8 car- 
bons; substituted or substituted alkanoyi, preferably having from 1 to about 12 carbons, more preferably having 
from 1 to about 8 carbons; substituted or unsubstituted carbocydic aryl, preferably having from 6 to about 24 car- 
bons; substituted or unsubstltuted aralkyi, preferably having from 7 to about 24 carbons; substituted or unsubstl- 
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tuted heterocyclic or hetercaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms: and the like, and 
preferably with at least one of U or V being other than hydrogen; 

R is substituted or unsubstituted alky), preferably having from 1 to about 20 cartx)ns, more preferably having from 
1 to about 15 caibons; substituted or unsubstituted alkenyl, preferably having from 2 to about 20 carbons, more 

5 preferably having from 2 to about 15 carbons: substituted or unsubstituted alkynyl, preferably having from 2 to 

about 20 carbons, more preferably having from 2 to about 15 cart)ons: substituted or substituted alkanoyl. prefera- 
bly having from 1 to about 20 carbons, more preferably having from 1 to about 8 carbons: substituted or unsubsti- 
tuted carbocyclic aryl, preferably having from 6 to about 24 carbons; substituted or unsubstituted aralkyi, preferably 
having from 7 to about 24 carbons; or substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring 

10 members and 1 to about 3 hetero atoms, and the like; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring structure, 
preferably an alicydic structure having one. two or more rings, each ring having 4 to atx>ut 10 ring members and 
the U or V and R groups are substituted or unsut}stituted alkylene or heteroalkylene (t.e. alkylene with a N, O or S 
linkage). For example, R and at least one of U and V may be taken together with the deleted interposed oxygen 

15 (i.e. the oxygen between the groups CUV and R) so as to form e.g. tetrahydropyranyl or tetrahydrofuranyl. i.e. 
acetalester/ketalester groups pendant to the polymer backbone of the formula -C(=0)-0-(2-tetrahydropyranyt) or - 
C(=0)-0-(2-tetrahydrofuranyl); and 

Z is a bridge group between polymer units, e.g. substituted or unsubstituted alkylene preferably having 1 to about 
10 cart>on atoms, more typically 1 to about 6 carlx)ns, or more preferably 1 to about 3 carbons and optionally sub- 
20 stituted by alkyi having 1 to about 3 carbons, or Z is a substituted or unsubstituted alkenyl or alkynyl, preferably hav- 
ing 2 to about 10 carbons and optionally substituted by alkyl having 1 to about 3 carbons. 

In certain aspects of the Invention, an acetalester or ketalester repeating unit also may be spaced from a polymer 
backbone with any of a variety of groups interposed between the acetalester or ketalester unit and the polymer back- 
25 bone. Such polymers preferably have a phenoxy or other aryloxy unit positioned between the acetalester or ketalester 
unit and tiie backbone. For example, pretended polymers comprise units of the following Formula II: 




II 



so 

wherein W is a linker and may be e.g. a chemical bond; a substituted or unsubstituted alkyfene group preferably 
having from 1 to about 12 carbons; a substituted or unsubstituted alkenylene preferably having from 3 to about 12 
carlx)ns; a substituted or unsubstituted alkynylene preferably having from 3 to about 12 cartx)ns; and the like; 
55 Z is a bridge group between polymer units, e.g. as disojssed above with respect to Formula I, a substituted or 
unsubstituted alkylene linkage having 1 to about 6 carbon atoms, more typically 1 to about 3 carbons, optionally 
substituted by C1.3 alkyl; 

and U, V and R are each the same as defined above for Formula I. In certain aspects of the invention, groups of 
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the above Formula 11 will be preferred, but with the proviso that one of U and V is other than hydrogen or alkyi when 
W is alkylene and R is alkyi. Also, in certain preferred aspects, a polynner will comprise units of the above Formula 
II together with acetalester/ketalester units that are directly pendant from a polymer k>ackbone and/or with other 
units such groups of the Formulae IV through VIII below. 

As discussed above, preferred polymers of the invention comprise phenolic units in addition to acetalester or ket- 
alester units, such as polymers that comprise a structure of the following Formula III: 



10 



15 



so 



(Rl)n 





III 



30 



35 



40 



wherein U. V. R and Z are the same as defined above in Formulae I and II; 

each is independently halogen (particularly F. CI and Br), substituted or unsubstituted alkyi preferably having 1 
to about 12 cartx>ns, substituted or unsubstituted alkoxy preferably having 1 to about 12 cartxTn atoms, substituted 
or unsubstituted alkenyl preferably having 2 to about 12 carbon atoms, substituted or unsubstituted alkynyl prefer- 
ably having 2 to about 12 carbons, substituted or unsubstituted alkylthio preferably having 1 to about 12 carbons, 
cyano. nitro, amino, hydroxyl. etc., or two R^ groups on adjacent carbons may be taken together to form (with ring 
carbons to which they are attached) one, two or more fused aromatic or alicyclic rings having from 4 to about 8 ring 
members per ring (such as to form with the depicted phenyl a substituted or unsubstituted naphthyl or acenaphthyl 
ring); n is an integer of from 0 (where each phenyl ring is fully hydrogen-substituted) to 4. and preferably is 0, 1 or 
2; X any y are mole fractions or percents of the respective units of the polymer. Preferably, x and y each will be 
within the range of from about 5 to 90 mole percent, more typically x will be from about 50 to 95. 

A further group of preferred polymers of the invention contain a high carbon content moiety in addition to acetal- 
ester or ketalester units. Preferably, the high carbon moiety Is at least about 75 mole percent carbon, and more prefer- 
atAy at least about 80 to 85 or even at least about 90 mole percent of the high carbon content moiety is carbon. 
Particulariy preferred polymers include the following structure of Formula IV: 
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wherein U, V. R and each Z are the same as defined above in Formulae I and II above; and n are each the same 
as defined in Formula III above; 

5 T is a high carbon content moiety and may be e.g. a substituted or unsubstituted alkyi group having from about 4 

to 20 carbons, and preferably is a cyclic group such as adamantyl, norbornyl. isobornyl and the like; or substituted 
or unsubstituted aryl. particularly carbocydic aryl such as phenyl, naphthyl, acenaphthyl, anthracenyl. phenanthra- 
cenyl. etc.; or substituted or unsubstituted arall^l such as benzyl, benzhydryl. etc.; or substituted or unsubstituted 
heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; and 

10 X, y\ and z' are mole fractions or percents of the respective units of the polymer. Preferably, x* is from about 60 to 
80 percent, and y' and z' are each from about 10 to 30 percent. 

Additional preferred polymers that include high carbon groups comprise a structure of the following Formula V: 

15 .... 



20 



25 




V 



30 

wherein U. V. R and each Z are the same as defined above in Formulae I and II above; R^ and n are each the same 
as defined in Formula III above; 

the S groups each suitably may be e.g. halogen; cyano; nitre; substituted or unsubstituted alkyI preferak)ly having 

1 to about 1 6 to 20 carbon atoms; substituted or unsubstituted alkoxy preferat>!y having 1 to about 20 carbon atoms; 
35 substituted or unsubstituted alkenyl preferably having 2 to about 20 carbon atoms; substituted or unsubstituted 

alkynyl preferably having 2 to about 20 carbon atoms; substituted or unsubstituted alkyitiiio preferably having from 

2 to about 20 carbon atoms; substituted or unsubstituted cartx)cyclic aryl such as phenyl, naphthyl. acehaphtyl, 
antiiracenyl. phenanthracenyl. etc.; or substituted or unsubstituted aralkyt such as benzyl, benzhydryl, etc.; substi- 
tuted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring memtjers and 1 to atiout 3 hetero atoms; 

40 or a sulfonic acid ester, such as a group of the formula -OSO2M where M is substituted or unsubstituted alkyI pref- 
erably having 1 to about 16 to 20 carbon atoms; substituted or unsubstituted alkoxy preferably having 1 to about 20 
caridon atoms; substituted or unsubstituted alkenyl preferably having 2 to about 20 cart}on atoms; suk}stituted or 
unsubstituted alkynyl preferably having 2 to about 20 carbon atoms; substituted or unsubstituted alkylthio prefera- 
bly having from 2 to about 20 carbon atoms; substituted or unsubstituted carix)cyclic aryl such as phenyl, naphthyl, 

45 acenaphtyl. anthracenyl, phenanthracenyl. etc.; or substituted or unsubstituted aralkyi such as benzyl, benzhydryl. 
etc. ; substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero 
atoms, etc.; or two S groups (typically on adjacent ring carbons) may be taken togetiier to form one, two or more 
fused aromatic or aiicyclic rings having from 4 to about 8 ring members per ring. e.g. two S groups can be taken 
togetiier to form (together with the depicted phenyl) a naphthyl, acenaphtyl, anthracenyl or phenanthracenyl ring; 

so and m is an integer of from 0 (where the phenyl ring is fully hydrogen-substituted) to 5. and preferably is 0. 1 or 2; 
and X'. y* and z' are mole fractions or percents of the respective units of the polymer. 

Preferred S alkyI and other groups are high carbon moieties as discussed above with groups T of Formula IV and 
have at least about 4 cartx)n atoms. Aiicyclic groups will be suitable such as substituted and unsubstituted adamantyl. 
55 norbornyl. isobornyl and tiie like, particularty for short wavelength exposure applications. Also, the polymer of Formula 
V may comprise a mixture of differing units with differing S units or no S units (i.e. m = 0, although preferably m> 1) by 
using a variety of substituted or unsubstituted vinylphenyl monomers during the polymer synthesis. 

Also, In each of Formulae II through V as well as Formulae VI tiirough VIII and Ifi and U below, the depicted 
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30 



hydroxy! ring substituent may be etther at the ortho, meta or para positions throughout the polymer. Para or meta sub- 
stitution is generally preferred. 

In addition to the above-mentioned groups, a variety of other acetalester and ketalester groups can included in a 
polymer. For example, polymers that contain a repeating unit that consists of two or more actelester or ketalester groups 
are preferred, particularly phenolic copolymers such as polymers of the following Formula VI, VII and VIII: 



10 



IS 




^(CUV) ^(CUV) 



VI 



20 



2S 





^(CUV) ^(CUV) 
OR OR 



VII 



35 



40 




^(CUV) ^(CUV) 



VIII 



45 

wherein for Fornnula VI the groups R, R\ U, V and Z and coefficients n, x and y are the same as defined above for 
Formula 111 and each of the multir* ^ acetyl este'-4<e*alest^^r ui'tdo :.:ay be the same or different; and 
for Formula VII the groups R. R' i, V, i and ZianoJ cc^:cl\d'^'^.s n, x*. y* and z* are the same as defined above for 
Formula IV and each of the multi|.^;a aceiaieste^/ketalesi&r units may be the same or different; and 
50 for Formula VIII the groups R, R\ U, V. S and Z and coefficients m, n, x*. y' and z* are the same as defined above 
for Formula V and each of the multiple acetalester/ketalester units may be the same or different. 

Such polymers can be readily prepared. For example, diacid compounds can be reacted to provide multiple adja- 
cent acetalester/ketalester units. Thus, for instance, citraconates, Itaconates and fumarates, such as compounds Z 8, 
55 and 9 below that may have a variety of R groups such as substituted and unsubstituted alkyi, aryl. alkoxy, etc. including 
the illustrative R groups shown below, can be reacted to provide polymers of the invention. Particularly preferred poly- 
mers of formulae 10 and 11 below comprise condensed itaconate units (where R^ is hydrogen and R2 is methylene), 
fumarate units (where Ri is hydrogen and R2 is a bond) and citraconate units (Ri is methyl and R2 is a bond), with illus- 
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'trative R groups shown below the formulae 10 and H, and wherein the mole percents of the units (x and y, and x*. y* 
and 2' are the same as specified herein for other formulae). In formula Ifl and IL Ri can be e.g. hydrogen, substituted 
or unsubstituted alkyi, alkenyl, aryl, etc, and typically is hydrogen or substituted or unsubstituted 0^.6 ^'M; and R2 is a 
Vbond, substituted or unsubstituted alkylene or other Interposed group, and more typically is a bond or all^lene such as 
5 CyCs alkylene. Terpolymers of formula JJ. below include units T. which are preferably high carbon content units such 
as defined above for Formulae IV and include the illustrative groups depicted below (those groups formed by conden- 
sation 01 isobornylmethacrylate. diphenylmethylmethacrylate and styrene). A variety of other high carbon content T 
groups also will be suitable, such as those provided by condensation of vinylnaphthlene. adamantylmethacrylates. etc. 



15 



20 



25 



30 



35 



40 



45 



so 



55 
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The above-mentioned substituted groups (including substituted groups Z. W, R. R\ T. U, V, S. Ri, ^"cl other 
moieties) may be substituted at one or more available positions by one or more suitable groups such as halogen (par- 

r ticularly F, CI or Br); a'kyl; ^^-^2 a'koxy; C2.12 alkenyl; C2-12 alkynyl; aryl such as phenyl; alkanoyi, e.g. a C1.12 
alkanoy] such as acyl; nitro; cyano; and the like. Typically a substituted moiety is substituted at one, two or three avail- 

5 able positions. 

Prelerred polymers of Formulae II through VIII and 10 and H include those where the only polymer units corre- 
spond to the general structures depicts in those Formulae, i.e. in the case of Formula 111, VI and 10 where the sum of 
X and y Is about 100 percent; and in the case of each of Formulae IV. V, Vtl, Vllt, and H where the sum of x\ y* and z* 
is about 100 percent 

10 However, preferred polymers also may comprise additional units wherein the sum of such mole fractions would be 
less than one hundred. For example, a polymer may comprise condensed substituted or unsubstituted styrene or other 
vinyl aryl units to provide pendant substituted or substituted phenyl or other aryl units. In each of Formulae 111. VI and 
10, preferably the sum of x and y will be at least atK)ut 50 percent, more preferably at least about 70 or 80 percent. In 
each of Formulae IV, V, VII, VIII and U. preferably the sum of x', y* and z* will be at least atx>ut 50 percent, more pref- 

75 erably at least atx}ut 70 or 80 percent. 

Typically, a copolymer of the invention will contain at least about 2 to 3 mole percent of acetalester or ketalester 
units, more typically at least 5 mole percent of such units. 

In the above formula, Z groups suitably wilt be substituted or unsubstituted alkylene preferably having 1 to about 10 
carbon atoms, more typically 1 to about 6 carbons, or more preferably 1 to about 3 carbons and optionally substituted 

20 by alkyl having 1 to about 3 carbons, or Z is a substituted or unsubstituted alkenyl or alkynyl, preferably having 2 to 
about 10 carbons and optionally substituted by alkyl having 1 to about 3 carbons. Preferred Z groups include ethylene 
optionally substituted by 0^.3 alkyl such as methyl. 

Preferred heteroaromatic and heterocyclic substituent groups of the above formulae include amidazole, furyl, 
thienyi. tetrahydrofuranyl, tetrahydropyranal, piperdinyl, pyridyt. pyrimidinyl, trtazine, thiophene and the like. 

25 in all the above formulae, it will be understood that all^l, alkenyl and alkynyl each may be cyclic or straight or 
branched non-cyclic chains, unless otherwise specified. Exemplary cyclic groups include cydohexnyl. tsobornyl, nor- 
bornyl. adamantyl and tiie like. 

Polymers of the invention can be prepared by a variety of methods. One suitable method is free radical polymeri- 
zation, e.g., by reaction of a plurality of monomers to provide the various units as discussed above in the presence of a 

30 radical initiator under an inert atmosphere (e.g., N2 or argon) and at elevated temperatures such as about 50°C or 
greater, although reaction temperatures may vary depending on the reactivity of the particular reagents employed and 
the boiling point of the reaction solvent (if a solvent is employed). For example, for synthesis of a phenolic polymer, vinyl 
phenol and an acetalester or ketal ester of a substituted or unsubstituted acrylic acid can be polymerized under free 
radical conditions. Additional monomers (such as monomers containing high carbon content moieties, or other add 

35 labile groups such as t-butyl or other alkyl acrylate units) can be copolymerized to the desired polymer. Such other mon- 
omers include e.g. substituted and unsubstituted isobornylmettiacrylates. adamantylmethacrylates. diphenytmethyl- 
methacrylates and styrenes as mentioned above. 

Acetalester and ketalester monomers can be readily prepared by known methods, e.g. by acid catalyzed addition 
of vinyl ethers to substituted or unsubstituted acrylic acids. See, for example, G.N. Taylor et al., Chem. Mat, 3:1031 

40 (1991); J.E. Kearns et al., J. MacromoL ScL-Chem., A8:673 (1974). Cyclic vinyl ethers such as dihydropyran, dihydro- 
furan also can be reacted with substituted or unsubstituted acrylic acid to provide desired acetalester and ketalester 
monomers. 

Also, to facilitate polymer synthesis, a monomer that contains a hydroxy or other reactive moiety may be reacted 
with the reactive moiety in "masked" form, for example, vinylphenylacetate may be employed as a "masked" form of 

45 hydroxystyrene. Other hydroxy masking or protecting groups also will be suitable such as alkylsilyl groups (to form 
silylethers with the hydroxy nnoiety), e.g. (CH3)3Si, (CH3)2(butyl)Si-. ((CH3)3G)3Si-, etc.; other alkyl esters, e.g. 
CH3CH2C(=0)-. e'r,. After reacltxn cGmpU-^tio: , the masking groups may be removed under basic conditions. For exam- 
ple, the formec .aoi, mey n^-^y be heaied m it presence of NH4OH, NH4OAC, ammonium sulfite, glycidyl amide or other 
suitable base. See Exarr^ae 3 whic^ foilcws for an exemplary procedure. 

so Suitable reaction temperatures to conduct a free radical polymerization for any particular system can be readily 
determined empirically by those skilled in the art based on the present disclosure. A reaction solvent may be employed 
if desired. Suitable solvents include ketones such as acetone, alcohols such as propanols and butanols, aromatic sol- 
vents such as benzene, chlorobenzene. toluene and xylene, and ethers such as tetrahydrofuran. Dimethylsulfoxide and 
dimetiiylformamide are also suitable. The polymerization reaction also may be run neat. A variety of free radical initia- 

55 tors may be employed to prepare the polymers of the invention. For example, azo compounds may t^e employed such 
as 2.2'-azobis-2.4-dimethylpentanenitrile, azo-bis-2,2*-isobutyronitrile (AI6N) and 1 .V-azobis (cyclohexanecarbonitrile). 
Peroxides, peresters, peradds and persulfates also can be employed. 

Preformed resins also may be modified to provide a polymer of tiie invention. For example, a phenolic resin such 
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as a novolac or poly(vinylphenol) may be condensed to provide pendant acetalester or ketalester units. Mor« specifi- 
cally, a poly(vinylphenol) may be condensed with the appropriate ester in the presence of base to provide pendant 
acetalester or ketalester units grafted onto phenolic groups (such as polymers of Formulae II and VIII above). Also, such 
\a performed resin may be condensed with a compound that combines with the polymer's hydroxyl groups to form 

5 groups S in Formula V above. For example, if the moiety is a sulfonic acid ester (e.g. where S includes -OS(0)2- in For- 
mula V), a sulfonic acid halide Is added to a solution o1 the preformed polymer in the presence of a suitable base and 
the mixture stirred typically with heating. A variety of bases may be employed for the condensation reaction including 
guanidine. hydroxides such as sodium and potassium hydroxides, carbonates such as guanldine carbonate. K2CO3 
and CS2CO3, and the like. The condensation reaction is typically carried out In an organic solvent. A variety of organic 

10 solvents are suitable as would be apparent to those skilled in the art. Ethers such as diethyl ether and tetrahydrofuran. 
dimethyl formamide and ketones such as methyl ethyl ketone and acetone are preferred. Suitable conditions for the 
condensation reaction can be determined based upon the constituents used. The percent substitution of the preformed 
polymer with the high carbon content moiety can be controlled by the amount of the moiety precursor (e.g.. the sulfonic 
acid halide as discussed above) condensed with the polymer. The percent substitution of the polymer can be readily 

/5 ascertained by proton and ^^C NMR as well as thermal gravimetric analysis (TGA). 

Preferably a polymer of the invention will have a weight average molecular weight (Mw) of 1 .000 to atjout 1 00.000. 
more preferably about 2,000 to about 30.000 with a molecular weight distribution (Mw/Mn) of about 3 or less, more pref- 
erably a molecular weight distribution of about 2 or less. Molecular weights (either Mw or Mn) of the polymers of the 
invention are suitably determined by gel permeation chromatography. 

20 As discussed above, polymers of the invention are highly useful as the resin binder component In photoresist com- 
positions, particularly chemically-amplified positive resists. Photoresists of the invention in general comprise a photoac- 
tive component and a resin binder component that comprises the above-described copolymer. 

The resin binder component should be used in an amount sufficient to render a coating layer of the resist develop- 
able with an aqueous alkaline developer. 

25 The resist compositions of the invention also comprise a photoacid generator (i.e. "PAG") that is suitably employed 
in an amount sufficient to generate a latent image in a coating layer of tfie resist upon exposure to activating radiation. 
Generally, sulfonate compounds are preferred PAGs. particularly sulfonate salts. Two specifically prefen-ed agents are 
the following PAGS 1 and 2: 

30 

i 2 



45 




Such sulfonate compounds can be prepared as disclosed in Example 14 which follows, which details the synthesis 
50 of above PAG 1 . Sulfonate PAG 2 above can be prepared by fJne same procedures of Example 14 which follows, except 
approximately molar equivalents of ^-butyl benzene and benzene would be reacted together in the first step with acetic 
anhydride and KIO3. Also preferred are the above two iodonium compounds with counter anions of pert luorooctanesul- 
fonate in place of camphor sulfonate. 

Other suitable sulfonate PAGS including sulfonated esters and sulfonyloxy ketones. See J. of Photopolymer Sci- 
55 ence and Technology. 4(3):337-340 (1991), for disclosure of suitable sulfonate PAGS, including benzoin tosylate. t- 
bulylphenyl alpha-(p-toluenesulfonyloxy)-acetate and t-butyl alpha-(p-toluenesulfonyloxy)-acetate. Preferred sulfonate 
PAGs are also disclosed in U.S. Patent 5,344.742 to Sinta et al. 

Onium salts are also generally preferred add generators of compositions of the invention. Onium salts that are 
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weakly nucleophilic anions have been found to be particularly suitable. Examples of such anions are the halogen com- 
plex anions of divalent to heptavalent metals or non-metals, for example, Sb, Sn. Fe, Bi. Al, Ga, In, Ti, Zr. Sc. D, Cr, Hf, 
and Cu as well as B. P, and As. Examples of suitable onium salts are diaryl-diazonium salts and onium salts of group 
Va and B. la and B and i of the Periodic Table, for exannple. halonium salts, quaternary ammonium, phosphonium and 

5 arsonium salts, aromatic sulfbntum salts and suHbxonium salts or selenium salts. Examples of suitable prefen-ed onium 
salts can be found in U.S. Patents 4.442,197; 4,603,101 : and 4.624,912. 

Other useful acid generators include the family of nitrobenzyl esters, and the s-triazine derivatives. Suitable s-tri- 
azine acid generators are disclose, for example, in U.S. Patent 4,189.323. 

Halogenated non-tonic, photoadd generating compounds also may be suitable such as. for example. 1,1-bis[p- 

10 chlorophenyl]-2.2,2-trichloroethane (DDT); 1 ,1 -bis[p-methoxyphenyl]-2.2,2-trichloroethane; 1 ,2,5,6.9.1 0-hexabromocy- 
clodecane; 1,10-dibromodecane; 1,1-bis[p-chlorophenyl]-2,2-dichloroethane; 4.4-dichloro-2-(trichloromethyl) benzhy- 
drol (Kelthane); hexachlorodimethyl sulfone; 2-chloro-6-(trich!oromethyl) pyridine; o.o-diethyl-o-{3.5.6-trichloro-2- 
pyridyl)phosphorothlonate; 1 ,2.3.4.5,6-hexachlorocyclohexane; N(1 , 1 -bis[p-chlorophenyl]-2.2,2-trichloroethyl)aceta- 
mide; tris[2.3-dlbromopropyi]lsocyanurate; 2.2-bis[p-chlorophenyl]-1.1-dichloroethylene; tris[trichloromethyl]s-trlazine; 

75 and their isomers, analogs, homologs, and residual compounds. Suitable photoacid generators are also disclosed in 
European Patent Application Nos. 0164248 and 0232972. Acid generators preferred for deep U.V. exposure incltxle 
1 ,1-bis(p-chlorophenyi)-2.2.2-trichloroethane (DDT); 1 ,1 -bis{p-methoxyphenoI)-2,2.2-trichloroethane; 1 ,1 -bis(chlo- 
rophenyl)-2.2.2 trichloroethanol; tris{1,2.3-methanesulfonyl)benzene; and tris(trichloromethyl)triazine. 

A preferred optional component of resist compositions of the invention Is a dye compound. Preferred dyes can 

20 enhance resolution of the pattemed resist image, typically by reducing reflections and the effects thereof (e.g. notching) 
of the exposure radiation. Preferred dyes include substituted and unsubstituted phenothiazine. phenoxazine, anthra- 
cene and anthrarobin compounds. Preferred substituents of substituted phenothiazine. phenoxazine. anthracene and 
anthrarobin include e.g. halogen, C1.12 alkyi, C^,^2 all^xy, C2.12 alkenyl, C1.12 alkanoyi such as acetyl, aryl such as 
phenyl, etc. Copolymers of such compounds also may be used as a dye. e.g.. an anthracene acrylate polymer or copol- 

25 ymer A curcumin dye also may be used for some applications. Rather than a separate composition component, such 
dyes also can be incorporated directly into the copolymer, e.g. where two adjacent moieties of units of the above 
formulae together form a fused ring to provide an acenaphthyl moiety or the like. In addition to reducing reflections in 
deep U. V. exposures, use of a dye may expand the spectral response of the compositions of invention including beyond 
248 nm or other deep UV wavelengths, such as to 365 nm or 436 nm exposure wavelengths. 

30 Another prefenred optional additive is an added base, particularly tetrabutylammonium hydroxide (TBAH), or the 
lactate salt of TBAH, which can enhance resolution of a developed resist relief image. The added base is suitably used 
in relatively small amounts, e.g. about 1 to 20 percent by weight relative to the photoactive component (PAG). 

Photoresists of the invention also may contain other optional materials. For example, other optional additives 
include anti-striation agents, plasticizers. speed enhancers, etc. Such optional additives typically will be present in 

35 minor concentration in a photoresist composition except for fillers and dyes which may be present in relatively large con- 
centrations such as. e.g.. in amounts of from about 5 to 30 percent by weight of the total weight of a resist's dry com- 
ponents. 

The compositions of the invention can be readily prepared by those skilled in the art. For example, a photoresist 
composition of the invention can be prepared by dissolving the components of the photoresist in a suitable solvent such 

40 as, for exannple, ethyl lactate, a glycol ether such as 2-methoxyethyl ether (diglyme), ethylene glycol monomethyl ether, 
ethylene glycol monomethyl ether, propylene glycol monomethyl ether; a Cellosolve ester such as methyl ethyl ketone; 
and 3-ethoxy ethyl propionate. Typically, the solids content of the composition varies between about 5 and 35 percent 
by weight of the total weight of the photoresist composition. The resin binder and PAG components should be present 
in amounts sufficient to provide a film coating layer and formation of good quality latent and relief images. See the 

45 examples which follow for exemplary preferred amounts of resist components. 

The compositions of the invention are used in accordance with generally known procedures. The liquid coating 
comoo3tioni^\ tli*^ iwenlic , are applied to a substrate such as by spinning, dipping, roller coating or other conven- 
t. jnjilcr^aimj iec^jiiq. i^. ^ ien spin coating, the solids content of the coating solution can be adjusted to provide a 
deGirad film Ihfc^vness caaed upon the specific spinning equipment utilized, the viscosity of the solution, the speed of 

50 the spinner and the amount of time allowed for spinning. 

The resist compositions of the invention are suitably applied to substrates conventionally used in processes involv- 
ing coating with photoresists. For example, the composition may be applied over silicon or silicon dioxide wafers for the 
production of microprocessors and other Integrated circuit components. Aluminum-aluminum oxide, gallium arsenide, 
ceramic, quartz or copper substrates also may be employed. Substrates used for liquid crystal display and other flat 

55 panel display applications are also suitably employed, e.g. glass substrates, indium tin oxide coated substrates and the 
like. 

Following coating of the photoresist onto a surface, it is dried by heating to remove the solvent until preferably the 
photoresist coating is tack free. Thereafter, it is imaged through a mask in conventional manner. The exposure is suff i- 
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] cient to effectively activate the photoactive component of the photoresist system to produce a patterned image in the 
' resist coating layer and, more specifically, the exposure energy typically ranges from about 1 to 300 mJ/cm^, dependent 
upon the exposure tool and the components of the photoresist composition. 

Coating layers of the resist compositions of the invention are preferat^ly photoactivated by an exposure wavelength 
5 in the deep UV. range i.e., 350 nm or less, more typically in the range of about 300 nm or less, typically about 150 to 
300 or 450 nm. A particularly preferred exposure wavelength is about 248 nm. As discussed above, polymers of the 
invention also will be useful for resists imaged at wavelengths less than about 200 nm, such as 193 nm. 

Following exposure, the film layer of the composition is preferably bated at temperatures ranging from about 70*^C 
to about 160°C. Thereafter, the film is developed. The exposed resist film is rendered positive working by employing a 
10 polar developer, preferably an aqueous based developer such as an inorganic alkali exemplified by sodium hydroxide, 
potassium hydroxide, sodium carbonate, sodium bicarbonate, sodium silicate, sodium metasificate; quaternary ammo- 
nium hydroxide solutions such as a tetra-alkyl ammonium hydroxide solution; various amine solutions such as ethyl 
amine, n-propyl amine, diethyl amine, di-n-propyl amine, triethyl amine, or methytdiethyl amine; alcohol amines such as 
diethanol amine or triethanol amine; cyclic amines such as pyrrole, pyridine, etc. In general, development is in accord- 
15 ance with art recognized procedures. 

Following development of the photoresist coating over the substrate, the developed substrate may be selectively 
processed on those areas bared of resist, for example by chemically etching or plating substrate areas bared of resist 
In accordance with procedures known In the art. For the manufacture of microelectronic substrates, e.g., the manufac- 
ture of silicon dioxide wafers, suitable etchants include a gas etchant. e.g. a chlorine or fluorine-based etchant such a 
20 CF4 or CF4/CHF3 etchant applied as a plasma stream. After such processing, resist may be removed from the proc- 
essed substrate using known stripping procedures. 

All documents mentioned herein are fully Incorporated herein by reference. The following non-limlting examples are 
Illustrative of the Invention. 

25 Example 1 

A solution of 4-hydroxystyrene (58.54 g. 0.488 moles). 1 -propyloxy-1 -ethylmethacrylate (1 1 .39 g. 0.066 moles) and 
Isobornylmethacrylate (10.70 g, 0.048 moles) in tetrahydrofuran (235 ml) contained in a 500 ml flask was deaerated 
with nitrogen for 15 minutes. Then a solution of 2,2'-azobis2,4.dimethylpentanenitrile, (4.48 g, 0,018 moles) in 5 ml tet- 
30 rahydrofuran was added to the flask and the ensuing stew was placed in a preheated oil bath and ref luxed for 20 hours. 
The reaction mixture after cooling is precipitated into a nonsolvent comprised of hexane (800 ml) methylenechloride 
(2400 ml) and stirred for 3 hours. The precipitate was filtered and slunied with 300 ml methylene chloride for 8 hours. 
The polymer was finally filtered and dried In a vacuum oven at 45 ''C for 6 hours. 

35 Example 2 

The procedures of Example 1 above were followed using 2,2*-azobisisobutyronltrile as a initiator for 30 hours. The 
reaction mixture after cooling was precipitated into water containing 5 % isopropanol. The precipitated polymer was fil- 
tered and dried in a vacuum oven at 45*'C for 6 hours. The properties of the polymer were identical to the one made by 
40 the above method of Example 1 . 

Example 3 

A solution of 4-acetoxystyrene 5 (58.97 g, 0.364 moles), 1 -propyloxy-1 -ethylmethacrylate (12.86 g. 0.0748 moles) 
45 and isobornylmethacrylate (13.28 g, 0.060 moles) in tetrahydrofuran (215 ml) was purged with nitrogen for 15 minutes. 
A solution of 2.2'-azobis2,4-dimethy!pentanenitrile (3.71 g. 0.015 moles) in 5 ml tetrahydrofuran was added and the 
flask placed in a preheated oil bath and ref luxed for 20 hours. The reaction mixture after cooling was =p':5c;p?tated into 
hexane (3L) and stirred for 4 hours. The precipitate was filtered and slurried with 500 ml hexane for 8. Iryjssx T}h^- pc-> 
mer (Formula IV where n is 0 and the depicted phenolic group is protected with -C(=0)CH3, T is isob ur/jy^v f^ i^ prop/A 
so U is hydrogen and V is methyl) was finally filtered and dried in the vacuum oven at 45**C for 6 hours. Th&acBioxy ter- 
polymer then can be hydrolyzed to the phenolic polymer. 

Example 4-13 

55 Physical characteristics of exemplary preferred polymers of the invention (polymers of Examples 4-13) are set forth 
in Tables 1 -3 below. The polymers were prepared by free radical polymerization of the con-esponding monomers by pro- 
cedures as described in the above examples. The Tables specify the R substltuent, mole percentages x, y. z, glass tran- 
sition temperature (Tg), decomposition temperature (Td) as determined by onset of first weight loss as measured by 
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TGA. weight average molecular weight (Mw) as measured by gel permeation chromatography and dissolution rate (D R) 

of the polymer corresponding to the structure shown directly above the respective Table. In each of Tables 2 and 3. the 
i- second DR listed in the far right column is that an ethyl lactate formulation containing the polymer and 4 wt % di-t-butyl- 

phenyliodonium camphor sulfonate. The structure of the R groups of the polymers specified in the Tables is shown 
5 immediately below, i.e. THP is tetrahydropyran; EE is ethyl ether; PE is propyl ethyl ether; and IBE is isobutyl ethyl ether. 

substituted on the polymer at the positions immediately shown below. 
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TABLE 1 

5 



10 




25 



Example 


R 


X 


y 


z 




Td 




DR 


No. 




% 


% 


% 


•c 


•c 




A/sec 


4 


EE 


63 


27 


10 




135 




23 


5 


PE 


70 


18 


12 


127 


133 






6 


IBE 


66 


17 


17 




127 


6500 


150 



TABLE 2 

30 



35 




45 


Example 


R 


x 


y 


z 




Td 




DR 


D.R. 


No. 




% 


% 


% 


••c 




A/sec 


A/sec 




7 


PE 


74 


12 


14 


135 


142 


. 70G0> 


; 91 


; 2:0 




8 


IBE 


76 


9.5 


14.5 


145 


163 i T::oa 


i. " 


1 


SO 


9 


THP 


72 


12 


16 


135 


138 1 


' 6500 




2.0 
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Example 


R 


X 


y 


z 




Td 




DR 


D.R. 


No. 




% 


% 


% 


»C 






A/sec 


A/sec 


10 


EE 


75 


12 


13 


140 


145 


7000 


69 




H 


PE 


72.5 


11 


16.5 


145 


145 


8000 


28 


1.5 


12 


IBE 


78 


10 


12 


150 


155 


8000 


17 


l.O 


13 


THP 


72 


13 


15 


132 


135 


7500 


17 


l.O 



30 Example 14 - Preparation of dif4443iJtvlDhenvniodonium(+/-)-10>camphor sulfonate 

The PAG 1 above can be prepared as follows. A 2L 3 neck round bottom flask was charged with potassium iodate 
(214.00 g, 1 .00 mol). t-butylbenzene (268.44 g, 2.00 mol) and acetic anhydride (408.36 g, 4.00 mol). The flask was fit- 
ted with an efficient overhead paddle stirrer, a thermometer and a pressure equalizing dropping funnel fitted with a N2 

35 bubbler. The reaction mixture was cooled to 1 0*C in a ice-water bath and concentrated sulfuric acid (21 5.78 g, 2.20 mol) 
added dropwise via the addition funnel. The addition was can-ied out at such a rate as to maintain the reaction temper- 
ature around 25'*C and required 2 hours. As the addition proceeded the starting white suspension became orange-yel- 
low in color. Once the addition was over, the reaction mixture was stirred at room temperature (20*C) for an additional 
22 hours. The reaction mixture was cooled to 5-1 O^C and water (600 ml) was added dropwise over a period of 30 min- 

40 utes. maintaining the temperature below 30°C. (Note the first ®75 ml should be added at a particular slow rate as to 
control the initial exotherm, thereafter the rest of the water may be added at a faster rate). This cloudy mixture was 
washed with hexane (3 x 100 ml) (to remove unreacted t-butylbenzene and some 4-t-butyliodobenzene byproduct) in a 
2L separating funnel and the aqueous solution of diaryliodonium hydrogensulfate transferred to a 3L reaction vessel. 
The solution was cooled to 5-1 C'C. (+/-)-10-camphorsulfonic acid (232.30 g» 1.00 mol) was added In one portion with 

45 stirring and the solution was then neutralized with ammonium hydroxide (620 ml, 9.20 mol). The amount of base used 
was the theoretical amount required to neutralize all acidic species in the pot, assuming quantitative reaction. The addi- 
tion of the base is carried out at such a rate as to keep the temperature below 25°C and takes about 1 hour. As the addi- 
tion nears completion and the pH of the reaction mixture approaches 7, the crude diaryliodonium camphorsulfonate 
precipitated as a tan solid. This suspension was allowed to stir at room ten^perature for 3 hours and the material isolated 

50 as follows: The tan solid was collected by suction filtration and white still moist taken up in dichloromethane (1L) and 
washed with dilute ammonium hydroxide (2.5 wt%. 5 ml 14.8 N NH4OH + 195 ml HgO) until the washings are in the pH 
7-8 range (1 x 200 ml) and then water (2 x 200 ml) to restore the pH to around 7. After drying (MgS04). the dichlo- 
romethane was removed under reduced pressure and the residue further dried in vacuo at 50®C for 1 6 hours to give the 
crude product as a tan solid (390.56 g). The resulting tan solid was then purified by recrystallization in the following 

55 manner. The tan solid was dissolved in the minimum amount of refluxing isopropanol (@ 375 g PAG in @ 1 150 ml IPA) 
in a 2L round bottom flask to give a homogeneous dark red solution. The hot solution was transferred to a 2L conical 
flask and allowed to cool. While this solution was still warm, hexane (500 ml) was added and crystals formed soon after. 
The crystallizing mixture was allowed to coot to room temperature and stored for 4 hours. The crystallizing solution was 
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^cooled to @ S'^C in an ice-water bath for 1 .5 hours and then the solid was collected by suction filtration and washed until 
white with very cold isopropanol-hexane (1 :3. 2 x 200 ml, prepared by cooling the solvent mixture In a dry ice-acetone 
^bath before use). The white solid was dried under aspirator vacuum for 1 hour until the PAG (di-(4-t-butylphenyl)jodo- 
.nium (-{-/O-IO-camphor sulfonate) was isolated as a free flowing white powder. At this stage about 285 g of PAG is 
obtained. A second recrystallization can be performed in a similar manner. 

Example 15 - Photoresist preparation and Drocessina 

Two photoresist compositions (Resists 1 and 2) were prepared by mixing the following components with amounts 
expressed as weight percents based on total weight of the resist composition. 



Resist Components (for 


Amount 


both Resists 1 and 2) 




resin binder 


15% 


photoacid generator 


1% 


basic additive 


0.1% 


ethyl lactate 


83.9% 



In each of Resists 1 and 2, the resin binder was a polymer that contained 72 mole% 4-vinylphenol units 13 mole% 
methacrylate units and 15 mole%tetrahydropyranyloxy methacrylate units, and the basic additive was tetrabutylammo- 
nlum hydroxide. In Resist 1 , the photoacid generator was di-t-butylphenyliodonium camphorsulfonate (compound of 
above example), and in Resist 2 the photoacid generator was triphenylsuKbnium triflate. 

Resists 1 and 2 were each spin coated onto HMDA vapor primed 4 inch bare silicon wafers and softbaked via a 
vacuum hotplate at 90*^0 for 60 seconds. The resist coating layers were exposed at 248 nm. post-exposure baked at 
1 10**C for 90 seconds via vacuum hot plate and developed with 0.26 N aqueous tetramethylammonium hydroxide solu- 
tion. The exposure energy required to clear Resist 1 was 3.3 mJ/cm^ and the exposure energy required to dear Resist 
2 was 3.4 mJ/cm^. Resist 1 formed well resolved 0.23 jim dense lines and 0.15 ^lm isolated lines, and Resist 2 formed 
well resolved 0.24 ^m dense lines and 0.15 ^m isolated lines. 

The foregoing description of the invention is merely illustrative thereof, and it is understood that variations and mod- 
ification can be made without departing from the spirit or scope of the invention as set forth in the following claims- 
Claims 

1 . A photoresist composition comprising a photoactive component and a resin binder that comprises a polymer that 
conprises 1) phenolic units, and 2) acetalester or ketalester units directly pendant from the polymer backbone and 
that are capable of reaction upon photoactivation of the photoactive component. 

2. The photoresist of claim 1 wherein the polymer comprises one or more units of the following Formula I: 



■eO nP9Q7AAA9 I 
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wherein U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyi; substituted 
or unsubstituted alkenyl; substituted or unsubstituted alkynyl; substituted or substituted alkanoyi; substituted or 
unsubstituted carbocyclic aryl; substituted or unsubstituted aralkyl; substituted or unsubstituted heterocyclic or 
heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; 

R is substituted or unsubstituted alkyi; substituted or unsubstituted alkenyl; substituted or unsubstituted alky- 
nyl: substituted or substituted alkanoyi; substituted or unsubstituted carbocyclic aryl; substituted or unsubsti- 
tuted aralkyl; substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring; and 
Z is a bridge group. 

A photoresist of claim 1 wherein the polymer comprises a repeating unit consisting of multiple acetalester or ketal- 
ester groups. 

A photoresist of claim 1 wherein the polymer further comprises one or more units of the following Formula II: 



Z 




w 



I 

(CUV) 
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wherein W is a linker; 
Z is a bridge group between polymer units; 
5 u and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyi; substituted or 

unsubstituted alkenyl; substituted or unsubstituted aikynyl; substituted or substituted alkanoyi; substituted or 
unsubstituted carbocydic aryl; substituted or unsiibstituted aralkyi; substituted or unsubstituted heterocyclic or 
heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; and 

R is substituted or unsubstituted alky!; substituted or unsubstituted alkenyl; substituted or unsubstituted alky- 
10 nyl; substituted or substituted alkanoyi; substituted or unsubstituted carbocydic aryl; substituted or unsubsti- 

tuted aralkyi; substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
at)out 3 hetero atoms; 

or R and at least one of U and V may be taken together with the depicted Interposed oxygen to form a ring. 
15 5. A photoresist of claim 1 wherein the polymer comprises a sti-ucture of the following [=6rmula III: 




35 

wherein each Z is an independent bridge group between polymer units; 

U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyI; substituted or 
unsubstituted alkenyl; substituted or unsutstituted aikynyl; substituted or substituted alkanoyi; substituted or 
unsubstituted cartDOcyclic aryl; substituted or unsubstituted aralkyi; substituted or unsubstituted heterocyclic or 
40 heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; and 

R is substituted or unsubstituted alkyI; substituted or unsubstituted alkenyl; substituted or unsubstituted aiky- 
nyl; substituted or substituted alkanoyi; substituted or unsubstituted carbocydic aryl; substituted or unsubsti- 
tuted aralkyi; suk^stituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms; 

45 or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring; 

each R^ is independentiy halogen; substituted or unsubstituted alkyI; substituted or unsubstituted alkoxy; sub- 
stituted or unsubstituted alken^/^ suhstilaied or unsobstiiuter' aikynyl; substituted or unsubstituted alkylthio; 
cyano; nitro; amino; hydroxyl; or iv^^o r;^ gr^^ur's on .-j.f^{c^-\ c . bons may be taken togetiier to form one or more 
fused aromatic or alicyclic rinj^s hsving from 4 to sibcuf S /utg members per ring; n is an integer of from 0 to 4; 

50 2; X any y are mole percents of the respective poiymer units. 



6. A photoresist of claim 1 wherein the polymer comprises a structure of the following Formula IV: 



55 



cnrmin- --co rmoayanAo i 
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OT O 



OH 



IV 



(CUV) 



OR 



15 



20 



25 



30 



each Z is an independent bridge group between polymer units; 

U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyi; substituted or 
unsut^stituted alkenyl; sut>stituted or unsubstituted alkynyt; substituted or substituted alkanoyi; substituted or 
unsubstituted carbocydic aryl; substituted or unsubstituted aralkyi; substituted or unsubstituted heterocyclic or 
heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; and 

R is substituted or unsubstituted alkyI; substituted or unsubstituted alkenyl; substituted or unsubstituted alky- 
nyl; substituted or substituted alkanoyi; substituted or unsubstituted carbocydic aryl; substituted or unsubsti- 
tuted aralkyi; substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring; 
T is at least about 75 mole percent carbon; 

each R^ is independently halogen; substituted or unsubstituted alkyI; sut>stituted or unsubstituted alkoxy; sub- 
stituted or unsubstituted alkenyl; substituted or unsubstituted alkynyl; substituted or unsubstituted afkylthio; 
cyano; nitro; amino; hydroxyl; or two R"* groups on adjacent carbons may be taken together to form one or more 
fused aromatic or alicyclic rings having from 4 to about 8 ring members per ring; n is an integer of from 0 to 4; 
x', y. and t are mole percents of the respective polymer units. 



35 7. A photoresist of claim 6 wherein T is a substituted or unsubstituted aikyi, substituted or unsubstituted aryl. or sub- 
stituted or unsubstituted aralkyi. 



40 



8. A photoresist of claim 7 wherein T is substituted or unsubstituted substituted or unsubstituted adamantyl. norbor- 
nyl. isobornyl. phenyl, naphthyl, acenaphtiiyl. benzyl or benzhydryl. 

9. A photoresist of claim 1 wherein the polymer comprises a structure of the following Formula V: 
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each Z is an independent bridge group between polymer units; 

U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyi; substituted or 
unsubstituted alkenyl; substituted or unsubstituted alkynyl; substituted or substituted alkanoyi; substituted or 
unsubstituted carbocyclic aryl; substituted or unsubstituted aralkyi; substituted or unsubstituted heterocyclic or 
heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; and 

R is substituted or unsubstituted alkyI; substituted or unsubstituted alkenyl; substituted or unsubstituted alky- 
nyl; substituted or substituted alkanoyi; substituted or unsubstituted carbocyclic aryl; substituted or unsubsti- 
tuted aralkyi; substituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring; 
each R^ is independentiy halogen; substituted or unsubstituted alkyI; substituted or unsubstituted alkoxy; sub- 
stituted or unsubstituted alkenyl; substituted or unsubstituted alkynyl; substituted or unsubstituted alkyithio; 
cyano: nitro; amino; hydroxyl; or two R^ groups on adjacent cartxjns may be taken togettier to form one or more 
fused aromatic or alicycllc rings having from 4 to about 8 ring members per ring; 

each S is independently halogen; cyano; nitro; substituted or unsubstituted alkyI; substituted or unsubstituted 
alkoxy; substituted or unsubstituted alkenyl; substituted or unsubstituted aikynyt; substituted or unsubstituted 
alkyltiiio; substituted or unsubstituted carbocyclic aryl; substituted or unsubstituted aralkyi; substituted or 
unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; or a 
sulfonic acid ester; or two S groups may be taken together to form one or more fused aromatic or alicyclic rings 
having from 4 to about 8 ring members per ring; 

m is an integer of 0 to 5; n is an integer of from 0 to 4; x'. y. and z' are mole percents of the respective polymer 
units. 



10. A photoresist of claim 9 wherein S is at least about 75 mole percent carbon. 



11. A photoresist of claim 10 wherein S is a substituted or unsubstituted alkyI group, substituted or unsubstituted aryl. 
substituted or unsubstituted aralkyi. or a substituted or unsubstituted sulfonyl add ester. 

1 2. A photoresist composition comprising a photoactive component and a resin binder that comprises a polymer of the 
following Formula II: 



Z 




n 



wherein W is a linker; 

Z is a bridge group between polymer units; 
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U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyi; substituted or 
unsubstituted alkenyl; substituted or unsubstituted alKynyt; substituted or substituted alkanoyi; sut>stituted or 
unsubstituted carbocydic aryl; substituted or unsubstituted araikyl; substituted or unsubstituted heterocyclic or 
heteroaromatic having 1 to 3 ring members and 1 to ak)out 3 hetero atoms; and 

R is substituted or unsubstituted alkyI; substituted or unsidsstituted alkenyl; substituted or unsubstituted alky- 
nyl; substituted or substituted alkanoyi; substituted or unsubstituted carbocydic aryl; substituted or unsubsti- 
tuted araikyl; sufc>stituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms, with the proviso that one of U and V is other than hydrogen and alkyI when W is sut)sti- 
tuted or unsubstituted alkylene and R is alkyI; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring. 

A photoresist of claim 12 wherein W is a chemical bond; a substituted or unsubstituted alkylene group; a substi- 
tuted or unsubstituted alkenylene; or a sut)stituted or unsubstituted alkynylene; and Z Is alkylene linkage. 



15 14. A method for forming a positive photoresist relief image, comprising: 

a) applying a coating layer of a photoresist composition of claim 1 on a substrate; and 

b) exposing and developing the photoresist coating layer to yield a positive tone relief image. 

so 15. The method of claim 14 wherein the photoresist is exposed with radiation in the deep UV range. 

1 6. The method of claim 14 wherein the photoresist is exposed with radiation of less than about 250 nm. 

17. The method of claim 14 wherein the photoresist is exposed with radiation of about 248 nm. 

25 

18. An article of manufacture having coated thereon the photoresist composition of daim 1. 

19. The artide of claim 1 6 wherein the substrate is a microelectronic wafer or a flat panel display substrate. 
30 20. A polymer that comprises phenolic units and one or more units of the following Formula I: 
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50 wherein U and V each independently may be hydrogen; halogen; substituted or unsubstituted alkyl; substituted 

or unsubstituted alkenyl; substituted or unsubstituted alkynyl; substituted or substituted alkanoyi; substituted or 
unsubstituted carbocydic aryl; substituted or unsubstituted araikyl; substituted or unsubstituted heterocydic or 
heteroaromatic having 1 to 3 ring members and 1 to about 3 hetero atoms; 

R is substituted or unsubstituted alkyl; substituted or unsubstituted alkenyl; substituted or unsubstituted alky- 
55 nyl; substituted or substituted alkanoyi; substituted or unsubstituted cartK>cyclic aryl; substituted or unsubsti- 

tuted araikyl; sut)stituted or unsubstituted heterocyclic or heteroaromatic having 1 to 3 ring members and 1 to 
about 3 hetero atoms; 

or R and at least one of U and V may be taken together with the depicted interposed oxygen to form a ring; and 



21 



/ 



EP 0 S29 766 A2 

Z is a bridge group between polymer units. 

21. The polymer of daim 20 wherein the polymer comprises a repeating unit consisting of multiple acetalester or ket- 
alester groups 
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(54) Novel polymers and photoresist compositions 

(57) The present invention provides novd polymers 
and photoresist compositions that contain such poly- 
mers as a resin binder component. The polymers of the 
invention include repeating units that contain an acetal- 
ester or ketalester moiety. Preferred photoresists of the 
invention are chemically-amplified positive-acting com- 
positions that contain a polymer with acetalester or ket- 
alester unit as a resin binder component and that can 
react to provide solubility differences in the presence of 
photo-generated acid. 
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